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FOREWORD

The research work. described in this report was performed by
the Frankford Arsenal, U.S. Army Munitions Command, Philadelphia,
Pennsylvania, for the Directorate, Operational Support Engineering,
Crew Equipment Division, Parachute Branch, Aeronautical Systems
Division, Wright-Patterson Air Force Base, Ohio. The work was
accomplished under Air Force MIPR 33-616-58-47, Captain R. L.
Eester, of the Parachute Branch, ASD, was the project and task
engineer. T1e research program was conducted from August 1958
to May l96,-airedwas carrirtd out by the Pesearch and Development
Group of Frankford Ar.enal. The work was performed by J. H.
Farrell.
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ABSTRACT

Cartridge, Powder Actuated Cutter, XM83, was developed as a
replacement for the explosive actuator in the MC-i reefing line
cutter used with heavy duty parachute assemblies. Firing tests
demonstrated that this cartridge, loaded with 6 grains of M2 pro-
pellant, 2 grains of A4 black powder, and an M29A1 primer, de-
veloped the pressure required by the cutter to sever the nylon,
line specified in requirements.
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I.NIROD0 T'v• ION

In April 1958, tha Wright ALr Develop-nent Division requested
the Department of the Arrly to design, develop, fabricate, and test
a cartridge to be. used with the TOTC*.* Mechanical Initiation Timer
(Figure 1) in the MC-I reefing line cutter for heavy duty parachute
assemblies. lite cartridge was to rerlace the T2E5 explosive actua-
tor and the T47 delay assembly currently used in the MC-I cutter.

DEVE:LFN T

Military Requirements

The followLng are the principal militaryirequirements; a de-
tailed statement of requirements is give.- in the Appendix.

1. te c-,rtridge was to be hermetically sealed, was not to
protrude beyond th&e end of the TOTCO timer, and was to be so de-
signed that no modification of the timer would be required.

2. The cart:-idge w,.s to develop sufficient pressure to cA,-.se
ie blade of r.1- c'-tter to sever a 2-ply, 6000-pound nylon reefing

line.

3. TI-re carf.ridg w-c t-.:i oe-?'-.tr .ati~fctorily at temrer-k.-
tures of -65" t: 2CO F.

The dovelcp.Lment of i. t-.rtridg- Y :fr.:i' l for te ,-r% te MNC-i
reefing l c= Lutter ,." Limtt:ed alne-'t ertirely to t.e -
of the charge. V-.- cM.' cirtridge 9 .. •-. is stmLiar to t.ý.e T295
iniLt-tor cazrtrtdi(,&. '-c. .t t4..¶ i - r" .tr.

*A prcpri•tri it:E.1 f Ln.e Xechr.-ic.l ii I..zl Cirp., Los kA•glcs,
Calif.
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Figure 1. Totco Mechanical Initiation Timer

2



Cperat ion

The cartridge consists of a chse, head, Fowder, and primer.'
When the primer is str-..ck by the firir.g pir., the powder is ignited
and the gas pressure, gencrp-ted against the c-utter blade, severs
the shear wire: allowing t~he bli&d to move forward to cut the .- lon
reefing line (Figure 2:.

"TE.ST 11

Prf.llinir.ary (.harge Esat.blis'.ment

To determine t.•.A composition and welght of tha ballistic charge
necessarr fcr prrer cper.etion cf the czrtter, 25 modified T183 car-
tridges were loaded wit:-, different weights of propellant. In sc.e
of the preliminart- firings, these csrtridges were fired in tes;r
models which were cimilar t:o the MC-l reefing li1e cutter except
that the body cf t;: cutter had a t.i.cker wall, which enabled tve
use of a piezo gag- to mnasure prrýsure; in other firings an MC-1
cutter was used.

Cf tlhe t:en M.;-l c.:ct:rs received by Fran.kfCrd Arsenal, two
were as.sembled witL: al-.-nMinm sd eight with bras.q shear wire. Tests
were made; the al.•mi-•.a wire - when a force of 16 ;o-'ndz w=.s
applied, and t. br'.s -ear,d :-Zt 105 ru-ds. No extra wire Wss
supplied by rk. i Air I .-. a.o an awv-il.:blz copper wire w'.ich
shear.d ..t 110 ..-o.:rd.2 ,. - c .:!t th- firings. er tjrti'n for
the firing t:,-t; cc- i.-d of a ji'tzo gige cen-.cted to etth.r an
oscillcscojp. t r :-'.-i rsc:i!.vr-

In t~e firs': ,.f t:ý.e t:.hre prr.in..nary firing ,rogrms,. five
rounds were fired at: o.-.ibitnt . Each round wo.s fcade-d
with five gratls , f I"2 F-i~ t (,.AD ": 9701. wit': ;- *.16-in-r.c
web) and Pan M''9AL rri -,.r. !-i a' i-L-st,•-.cc.3 tse cat, r..- case r:p-
tured at tle eh ,.dr instad of ;a..ii-.g at t"c bs:!e. t"- ;:&-.. ::s
of these firiegs foi.-w.

Round s - a re

..,1 iY.:ýt r..-nr* .t-io n R - '.' Pg ItL..-! F a ! 1. s.-_red.
2 No i...:rra;er ýtier. Rt [.Ing Ii7.e ;pri.ly sht-qrz:d,
3 500 r.ef ing Iin., partially s;..?arp.d.
4 500 Rcf ing I.-.- c.-V~letz1- s.he.-'r:d.
5 No . .icý E: f ring 1 -7 S. -
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Figure 2. MC-1 Reefing Line CutLer



Substandard T183 cartridge cases were used in the experimental
tests, since these cases were readily available. In subsequent
firings-d--final engineering tests. standard XM83 cases were used.

In the second firing program, each of-the cartridges was loaded
with seven grains of M2 propellant; (RAD Lot 9701) and two grains of
A4 black powder. An average pressure of approximately 1000 psi was
developed in these rounds. The reefing line was sheared cleanly in
all rounds. The results of rounds 6 thr-vugh 10 are given below.

Round Pressure Temp Position of Reefing Line with
No. (psi) .i respert to Cutter Axis

6 1100 70 Thick cros- section perpendicular.
7 1050 70 1-.n cross rection perpendicular
8 980 70 1hin cronr gection perpendicular

9 900 -65 Thick crosa section perpendiculr
10 950 -65 "le1In cr-ss Fection perpendicular.

In the third firing program, wnic. L.id to the final develop-
ment of the carttridge nine rz.,nds. each loaded with six grains of
M2 propellant (PAD l7:t 9701): two grains of A4 black powder, and an
M29AI primer, were fired. The following tabulation lists the times
recorded from actu'ýtion of tl.e cartridge to severance of the reef-
ing line, with tempersturzP and pres;.ica, deve'op,?d.

Round Tlmp Fre.;sure Time
No. LL ...4i cmscc)

1 70 650 83
2 '70 660 82
3 70 640 85

4 -65 580 94
5 -65 590 92
6 -65 560 100

7 200 740 4 -,

8 200 800 70
9 200 Jio 73

The ninett,- roi4rdi I it d ir, t;- rrý I imir.nr c•-.:rgt- f.ztablish-
ment progr.m, dtm.:l t tz'itvd that t0- c:,r7.•r wire used in tt-.4s with
tie wurkLrg models 0.,Yirzd w;*n m forte nf 110 rourds 'as applied.
T.e br,-s sLxAr wire tr4olied wits eigrt of tie MC-l L.:tters
sheared at-105 rounds, and the al"mtprum s-ear wire ir the Mr.-l
cutter sheared dt 16 Veinds.
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Final 0harg-t Establish'.ment

0-a tho basa.s cf data rbtained in tlhe preliminary firing pro-
gram, it was conaclded that the charge -usad in the last nine rounds
produced the desirid c.,eration of the cutter. This charge consisted
of six grain* of M2 prorel.lant (RAD Lot 9701), two grains of A4
black powder, and An M29Ai primer.

To confirm th adequacy of this charge and to further demon-
strate that the: cubtter woeld operate se.tisfactorily with this car-
tridge (designated XMS3), a final firing program was scheduled. In
the first of ttese fir.-A firings, cond.d.cted after the cartridge had
been conditicnzd to tý.v two extreme temperztures stipulated in the
military req':ivereents, e-n M'-1 cutter was used to determine whether
or not the cutter wo,-;.d l:. distorted by the selected charge. Al-
though the c"tter clad,, -oL'lite its stroke in each of the six rounds,
the reefing ln.ir.e via. rnt ar.d 8. cleanly as in the working model.
Two rrounde each. were fircd at t-.i, follcwtng temperatures: 200%, -65,
and -90" F; a-id thr:r- r-, dist-rtion ,---- any rf the units.

The se~cond - f t l:.? fintrl t.,,ting ;r-grtm consisted of ten
firings. Five rc,,jnd4 w:,rs fired W-trn th w~rking model so that
pressures enruid br. rw.':rdvd, knd five werc fired with the MC-I cutter.
These firirgx, i[ktd .uln-o. wtr- conductcd :ýt ?0' T.

Prz~ssure

M' rk:•Mdel

.1. 720
2 740
:3 820
4 740
5 Mi ,..tt*r 800

b In ,r.trumentation
7 ., i.-trwentati: !t.
8 %a i.-..•t ru.wnta•t Jor.

9 N,• •- trum-ntation.

NOTE: f.*Vir.g I." . . ". " .'.d I.r chch ro-ind.
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By the end of July 1959, sa-mles cf the first XM83 cartridge
(Figure 3) fabricated were received for analysis. A study of these
showed that tolerances ware building up in the seal and ring, and
that minor revisiions were necessary. A mon:th later, 300 cartridges
were received for fLnp.. engineering tests.

Firing and X-raying of these cartridges indicated that the sen-
sitivity of the primers was not within specified limits. Improve-
menWvV6n-effected by the manufacturer at this arsenal's request,
and a new shipment of primers was received. These were inspected
and X-rayed early in 1960.

They were assembled in cartridges, and their sensitivity was
then checked In drip tests. The primers rroved to be satisfactory.
In February the first. cartridges were fired in the lot acceptance
tests. .-here wa.i n:i evidence c f cartridwe c.se distorticn after
these firings.

In the final phase, cU the charge establishment program, fifty
X083 cirtrtdgem vere fired in MC-1 rnefi!g line cutters and ten
were fired in a w,,rkng model o.3 t..ott ,.;r&ti.g prept.,ures could b.
recorded. Five of t.-.ese firings were mr.d_ with the cartridge condi-
tioned to -65 FP a•-d five with the cartridge conditior.ed to 2000 F.
Ballistic data were not obtaired durirng these tests since no pro-
visions had bpen a.de. Table I list. the resalts cbtained with the
MC-i cutter; Table .: givws the res:1ts obtained with the working
model.

T'AB,13 I. Su.mm~y •f ".r -rgi, 1¢t-',1.• ifm:.-.t Firing. I•.Et

'-, .No. c f

R_- -; nds

-65 15
"•20

NCTE: Roef ing li~n, .-".let-.l, !.a r..:d f~r i-aWL r1-'nd,
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~-- A•E TI. Cl.arge Establishment Yiring Test
Results Using Working Model

Round Temp Max Pressure
No1. VF (psi)

2 -65 740
2 -65 740

3 -65 760
4 -65 730
5 -65 700

6 200 690
7 200 690
8 200 700
9 200 720

• • 10 200 680

NOTE; Reefirng line completely sheared for each round.

QUAIFICATION. TE rIG

The qualification program for the X483 cartriAde was limited
to low and high temperature tests conducted in accordance with
Specification MLL-E-5272C.* Altitude, humidity, shock, moisture,
and fungus tests were not made because cartridges of a similar de-
bign had been tested under these conditions and had been approved.
The drop tests were perfrmed to check the sensitivity c-f the
primers. The data recorded met requirerents. L.•cked-shWt and no-
load tests were not required.

A total of 70 ro..!ds wqs fired at -65', 70°, and 200* 1' to
determine satisftctory performance at these temperatures. ." sum-
may of the temperature tests is given in Table Ill.

It wa concrluded t-.at the X493 cr-rlridge can be used with t-e
MC-l heavy duty reefing line c.ttiar and theOIC0 Mechanical ini-
tiation Timer.

*Enviro-n, ents I exqp k,-:ft tin.
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RECOMMENDATIONI

It is recoim.nded that the XM83 cartrLdge be adopted as'a
standarditem for use with the TOTCO Mechanical Initiationi Tinier.
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APPENDIX

Military Requirementr

The Ordnance Corps shall develop the XR83 cartridge and fabricate,

test, and furnish to WADD the developed cartridge for reefing line

cutting in heavy duty parachute aasemblies in accordance with the

requirements specified herein.

PART I STATEMENT 0F 1()RK

A. This HIPR provides for the design and development of a

cartridge to be used for reefing line cutting in heavy duty

parachute assemblies. The developed catridge shall fulfill

the following requirements:

1. Be hermetically sealed.

2. Shall be developed for use with the TOTCO Mechanical

Initiation Timer (without modification to the timer)

furnished by the Procuring Agency.

3. The cartridge shall not protrude beyond the end of

the Initiation Timer.

4. The cartridge shall be capable of actuating at a

temperature range of -650 to + 1600F, a standard

reefing line cutter, Air Force Drawing •3B 6i~0,•,

with sufficient energy to sever a 2-piA. 60oO0 pound

reefing line fabricated fram nylon vebbLg in accord-

ance with Military Specification MIL-W-4088 (USAF),

Type XVIII. Condition "U'. The high and low tempera-

ture requIrements shall be in aeeordanee with Pr-

cedure I. MIL-E-5272.

12



5. The cutter assembly including cartridges shall have

a performance reliability of not less than +3 sigma

based on a confidence level of 95%.

B. The Ordnance Corps shall, as a result of the work

accomplished in accordance with Paragraph A above and in

accordance with the schedule set forth in Part II hereof,

submit the following items:

1. Item I - Conduct final engineering tests and prepare

a final letter report for approval by the procuring

agency containing all pertinent calculations and

test data.

2. Item II - Prepare procurement data in accordance with

Frankford Arsenal practice to consist of drawings and

specifications for the approved cartridge.

3. Item ITI - Twelve hundred (1200) each cartridges,

Reefing Line Cittfi'- Gin accordance with data approved

under Paragraph A and Item I and II above.

PART II TIKE OF PERFORMANCE AND DELIVERY INSTRUCTIONS

A. The Ordnance Corps shall co-.mence work upon acceptance of

this MIPR and shall complete all work and delivery of items

within five (5) months thereafter.

B. The items required by Part I hereof shall b s -Lmitted

in accordance with the following, 'chedule:

1. Items I and II shall be submitted within ninety (90)

days after receipt and acceptance of this KIPR.

2. Item III - shall be submitted within sixty (6) days

after approval of the data submitted under Item I

and I1.

13



C. Delivery Instructions

1. Items I and II shall be submitted to:

Commander .
"Wright Air Development Center
AmTT. WCLEH4-.
Wright-Patterson AFB. Ohio

2. Item III shall be submitted to:

Transportation Officer
AFB 2300, Bldg 253
X/F Dept 54, Attn: WCUM!-4
IMIR No. (33-616) 38-47

Wright-Patterson Air Force Base, Ohio

D. All reports and correspondence submitted shall contain the

MIPR Number, Project Number and Task Number designated on the

cover page.

PART III ADMINISTRATIVE DATA

A. All administrative matters pertaining to this NIPR con.

cerning personnel, facilities, contracting. time of performance

and terms shall be referred to:

Commander
Wright Air Development Center
ATTN: WCKCP
Wright-Patterson Air Force Base, Ohio

B. All matters of a technical nature shall be referred to:

Cwoander
Wright Air Development Center
ATTN: WCIZII-L4&
Wright-Patterson Air Force Base, Ohio

PART IV ACCEPTANCE

A. Three (3) copies of th• e'blgating instruments (one

certified) resulting from this XIPR shall be forwarded to:

.Comundier, Wright Air Development Center, ATTN: WCKCP, Con..

tracting Officer for Inter-departMental Pr sment, Wright-

Patterson Air Force Base, Ohio.

14



B. The Aeronautical Accessories Laboratory. WCLM.R-1, WADC,

WPAB, Ohio, is hereby designated as the point for a:nal

inspection and acceptance by the Air Force for all work called

for under this MIPR.

PART V AIR -FORCE FURNISHD PROPERT

The U. S. Air Force shall furnish to the Ordnance Corpe

for use in connection with this MIPR the Government furnished

property listed in subparagraph 1 below and such other property

as may be approved by the Contracting Officer subject to the

provisions of subparagraph 2 below:

1. a. Ten (10) each TOTCO Initiation Timers,

b. Ten (10) each reefing lin.• cutters and necessar7

quantity of reefing line for the development,

2. The Air Force shall furnish, for use in connection

with the performance of this MIPR, the property

described above. Accountability of such property

will be transferred to the performing agency. Upon

termination or cc,.'letio,! of work to be performed,

residues of the property shall be returned to the

Air Force as the antractirg cfficer may direct.

PART VI MIPR CONTENTS

This MIPR consists of DO Form ij1$, the Schadu;e co-isisting

of Part I thru VI inclusi:-- i page5 A, B and C inclusive and

the General Provisions coneisting of paragraph I thru 6 and 8

thru 11 on pages 1 thru 3 inclusive.
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